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TRANSONIC COMTROL EFFZCTIVENRSS FOR FULL AND

PARTIAL SPAN EIEVON CONFIGURATIONS ON A 0,0165

SCALF MODRL SPACE SHUTTLR ORBITER TEOTED IN THE
TARC R-FOOT TRANSONIC PRECCURE TUNNEL (LA4S)

ABSTRACT

An experimental invectigation has heen conducted in the NASA-
Langley Research Center P-Foot Transonic Pressure Tunnel on an enrly
version of the space shuttle orhiter (designated 080B-139) 0.01A5 scnle
model to systematically determine both longitudinal and lateral control
effectiveness associated with variosus combinations of inhonrd, outhoard,
and full span wing trailing edge controls. This report presents resnlte
from transonic iuvestigations conducted from April 10 through 15, 197k,
The test was conducted over a Mach number range from 0.6 to 1.08 at

angles of attack from 2° ¢o ?3° at 0° sideslip.
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(B):
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CL, CIM, CD, L/D versus ALPIA

cxim, DCLMDE, NCL/DE, TNCD/DR versus ALPIA
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CY, CYN, CBL versus ALPHA
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DCBLDA, DCYWDA, DCY/DA versus ATPHA

DCMIDE, DCIMD™, DCMI/F versus MACH
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o ‘ NOMENCLATURE
Z. g: General
SPMOL  LIENATTIS DEFINITION
a speed of sound; m/sec, ft/sec
Y Cp cP pressure coefticient; (p - pw)/a
? M MACH Much number; V/a
S p pressure; N/ue, psf
5 q Q(NsM) dynamic pressure; 1/2pV2, N/me, pst
Q(psF) :
: RN/L RN/L unit Reynolds number; per m, per ft
5 v velocity; m/sec, ft/sec ’
A o ALPHA angle of attack, degrees
B BETA angle of sideslip, degrees
1/ PSI "angle of ysw, degrees
¢ - PHI ' angle of roll, degrees
p mess density; kg/m3, slugs/rt3
i Reference & C.C. Definitlions
'Ab L bose sree; m2, £t
b BREF wing span or reference spsn; m, ft
b/2 wing semi-span
C.8. . center of gravity
lm LREP reference length or wing mean
¢ serodynsmlic chord; m, ft
] SREF wing area or reference ares; ne, £t2
MRP moment refercn;:e point
XMRP moment reference point cn X axis
. YMRP moment reference point on Y axis
Z'RP noment reference point on Z axis
T%' .
H SUBSCRIPTS
: b base
E 1 local
i ] ctntic condltions
£ t totsl conditlons
4 @ free stresm
k
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CAB

CAF

CIM

CBL

CL
cD
CcDB

COF

CIM

CLN

1/

1/oF
SPDBRK

NOVENCLATURE (Continued)

Body-Axis System

DEFINITION

normal force

normal-force cocfficient; 5
q:

axial-force coefficient; EEEEE;%E!EE
q

side-force coefficient; 229%.‘?55_2

base-force coefficient; 2ase force

qS
~Ap(Pp - Po)/a5

forebody arial force coefficient, Cp - CAb

pitching-moment coefficient; pitching moment
9S/REF

yaving-moment coefficient; "1nqsm°m'“t
rolling-moment coefficient; ?."_lﬂ’:‘a_'l“"_""_t.
43

Stability-Axis System

1ift coefficient; l%éﬁ

drag coefficient; d_“gﬁ
Q

bese-drag coefficient; Dose drog
Q

forebody dreg coefficlent; Cp - CDb

side-force coefficient; il.d_°.§°_"22.
q5

pitching-moment coefficicnt; Ritching moment

q IREP

yaving-moment coefficient; El‘.’l‘.g,:i".".ﬂ.':

rolling-moment coefficient; "°n:f§b noment
»

11ft-to-drag ratio; Cr/Cp

1ift to foredody drag ratio; Cl./cbg-
speed brake deflection angle, deg.

6
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Slope o7 nide Torce coaffiiiant v, ~ilevon
Aefl:etior onrvre, 4dn,/7 Der fomran
’ CY/ 8,”.’ &

Slope o” yoving mouent coe icient wa, aile-sn
Teflection curve, 4p,/7 ., per Jerre-
Cwl s

Allnron deflection ~anple; <levon feflaction
for roll contrsl, (8op, - 8ep)/?, positive
Aeflection left panel treiling cdre Aown
Tlevator feflaction nngle; elevon Acflaction
for piteh control (5cL + 5@R)/?, poritive
Anflection trailing edpe doun

Laft. outhoanrd olavon panel deflactior, deprees

T~ft irhoard elavon panel Anflection, Aerrass
Tight inkonrd elevon panel deflection, derrees

Rirht outhoard slevon prnecl deflection,
degrees

Slope of pitching moment coafficient vereus
inhonrd elevon deflartion curve, per depree

Ratio o® the glopas of the inhoard alevon i
pitchin: moment curve over the Mill span ;
#levon pitehir~ momart cvrre

body flap deflection angle, deg.
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CONFIGURATIONS INVESTIGATED

The configuration tested was a 0.0165 scale model of & blend of
Rockwell International shuttle configurations consisting of a 089B con-
figuration with a 139B configuration nose forward of fuselage station
500. A sketch and photographs of the model are shown i.. figures 2 and 3,
respectively. Body base flap was fixed at 0° deflection.

Elevon controls were split at 0.60 b/2 giving the inboard and out-
board segments approximately 53 percent and L7 percent of the total
elevon area, respectively. The surfaces could be deflected in unison or
as individual panels. Maximum range of deflection for each panel was
from 0° to -40°. Combinations tested included: for pitch control,
inboards only, outboards only and full span; for roll control, ou‘boards
only with full span &nd inboard deflected for pitch control.

To expedite testing, the elevons were remotely controlled by four
internal electric motors (see fig. 2¢).

A complete description of model dimensional data is given in Table
III.
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TEST CONDITIONS
Tha model was sting supported, with aerodynamic forces and momerts

measured By an internally mombted six-component strain gare balance,

Hodel anele o7 nthack wns varied from abhout =2° to an muvch es ?3° for

ar arrle 0f e17anlip of Oo. Rermolds wmher was constant at a nominnl .

3.0 x 106 prc foot,  Anple of nttnck has bheen corrected for deflection

2" the ~tine -n” halance under 1>ad. ]
Troncition ntripc 0,03 ineh  wide composed of Wo. 120 sand ~~i4

vere loczted 146G In~ 2%t of the apext of thre lfuselare ~ud 0,95 inch

(meacures ciracavise) » ™ of he wing and Tillet ~n vartieal £a31

leacing erizen,
L Gat- pragante’ herein veprarent rrrofs vy In thet neasuvre’”

e fvomweorvectad Tor Yase prassure offeects,

ORIG
(0) UV ]
Fpoo'gtég“"%



TR, R IR

Tt oo )

TEST TACILITY DECCRIPTION

NASA/Langley Research Center 8-Foot Transonic Pressure Tunnel is

an aire-nedivm faellity capable of attaining continuously variable Mach
numbers from 0,20 to 1.30. It is a single~rctu™, closed~-cireuit tunnel,
having controlled stagnation temperature, total pressure, and dew-point
tempersture. The test section is 7.l feet square., Reynolds mmbers are
variatle from 0,20 x 106 ner foot to T.00 x 106, depending on Mach

num' 2 Aud tunnel total pressure limitetions, Models are supported in
the test cection by a sting-sector system, hut wall-mounting i1s pozsihle,

Schlieren photography is nvailable for flow and shock-wave studies,

"



DATA REDUCTION

Dnta are recorded st the facility and reduced off-line at the 1aRC
Computation Center, Longitudinal data are refer~ed to the stability-
axis system and lateral-directional data are referred to the body-axis
system. All coefficients are normalized with respect to the projected
wing area (excluding the fillet), mean aerodynamic chord or span, which

are:

SREF = winp proJjected nrea = 0,732 Ft.2
LREF = wing mean aecrodynamic chord = T.83% 4n,
BREF = winr span = 15,45 in,

All data sre presented salong a set of body and stability axes (Figure 1)
pnssing throuch the estimited forwarc center of gravity located at a
full scale fuselage station of 1076,48 in. or 5% of the actual hodyv
length.

Flevon and aileron derivative data were computer-penerated by the
Chrysler DATAMAN-SADSAC Program an? represent the locrl slope of the

coeffiecinnt wvs. control deflection at each value of anpgle of attack,

1N,
® Qg
12
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REFERENCE

DMS-DR-2182, "SUPERSONIC CONTROL EFFECTIVENESS FOR FULL AND PARTIAL
SPAN ELEVON CONFIGURATIONS ON A 0.0165 SCALE MODEL SPACE SHUTTLE

ORBITER TESTED IN THE LaRC UNITARY PLAN WIND TUNNEL (LAL9)."
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TEST CONDITIONS
YACH NUMBER REYNOLDS NUMBER DYNAMIC PRESSURE  |STAGNATION TEWPLRATURE
(per foot) (pounds/sq. inch) (degrees Fahrenhert)
0.50 .97 x 10° 2,17 100
0.%0 2.82 % 10° n.oh
- r
n.75 2,07 % 10 3,42
~ ~ r“ -~
OL}O /ﬁ'{,' X lor _J"TO
0,97 2,00 % 10 2.77
0.7 3.00 x mﬁ 3,00
7,
0,97 2.07 x 10 L, 0
1,00 %1% x 10 b, 32
BALANCE UTILIZED: _|T [ -109
CAPACITY: ACCURACY: T
NEADO 10, S 2,0 1
o 200 1n, S5 1
AF 100 1b. Lnb,
PM 00 i0a-1b L L0 in, ~1he
M 100 {n,-1b fon qp oy
Y 200 in, - 12,0 in.-1.
COMMENTS:
RSN
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TADLS IIT
MODEL DIMENSIONAL DATA

MODEL COMPONENT : D0 - 770

GEMNERAL DESCRIPTION : ~PO7-1398 (MODITTED NOSE), NOST SECTION TROM

FULL-SCALT CTATION 227, 0 7O STATION 500 FROM NAR DRAWING VL70-0001393.

JEMAINTTIG BODY ArT OF OTATINT 500 TROM NAR VILTO-000093,

MODEL "CALR 0.0145

DRAWING NUMBER : 170000123, VLT0-000139B

DIMENSIONS : FULL SCALE - MODEL SCALE
Length _ 1290.3 I,  21.770 | ™.
Mzx Width PF3.0 b,372 TN,
w2x Depth 248.0 8,092,
Finsness Roti;: 4,019 hoam 1.
Areg . 1504000 Sq.PT, 17,0907 G

Max. Cross-Sectional

Planform

Wetted

Base

ORIGIN,,
" o0z oA g

16




mADLS ITT (Continued)
MODEL DIMENSIONAL DATA

WMODEL COMPONENT : 10DV ¥1AD-T),

GEMERAL DESCRIPTION . _070B-129

1ODRL SCATE:  0.M1°5

DRAWING NUMBER : __ "L /0-00000NA

DIMENSIONS : FULL SCALE "MODEL SCALE
Length . 4,700 1,300
Mzx Width P45,000 ), 270
Mcx Depth 21,000 L3WE-
~iasness Ratio
Are=o
Mox. Cross-Sectional
Planform 142, Ak00 £, 0071
Wetted
Bose 38, W60 1.5151

ORIGINAL PAGE [
OF POOR QUALITY
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UL IT (Continned)
MODEL DIMEMSIONAL DATA

L
'

et

WCDEL COMPONENT : 2%

4L DESCRIPTION . _030D-122

211

GEN

UOOmL “CALR:  0.010F

DRAWING NUMBER : _YI,T0-00000

DIMENSIONS : FUL;L SCALE MODEL SCALE
Length 344,000 5,700
Msx Width 103, 000 1,789
»zx Depth 113,600 1,979
Fingness Roti.o
Areg

Max. Cross-Sectional
Plonform
Wetted
Base
CiS POn CNTETTTIN
7oAt Oriiber 443,000 705"
AT O iter 20,000 1,320

18
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PARTE TIT (Continuad)
L. wODEL DIMENSIONAL DATA

S COMPONENT _ LWITN TG (F-inch GAP) - 3

-5 IYAL DESCRIPTILH  _Ce Fimmatinn 140A/B Orkiter elavor,

g T.: .
rorr:  Th3 45 ~ alotle? warston of “2f, Ma are for one ride,

LODTL SOALT: 0.0150 MODTT, DPAVING:  75-A001hS

DRAWING NUMBER"

DIMENSIONS . FULL SCALE MODEL SCALE
Area - Ft2 £10.0 £,0572
Spon (equivalent) . Tq, 30,2 5, 7RD
Inb'd equivalent chord = In. 117,00 1047
Dy dceadugiapt chord/ noted e S
Ratio movabls surfoce chord/
total surfoce chord
At Inb'd equiv. chord 0.209 0.2306
At Outb’d equiv. chord 0. oot 0. Wioh
Sweep Back Angles, degrees
Leading Edge 0,00 0.00
Trailing Edge -10,055 -10,05”
Hingeline 0.00 0.00
Area Moment (Nurmal 1o hinge line) 1587.2% 0.00712
(! Nean Aerodynamic Chord (&), in. 90,7 BRI

19
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mARTS TII (Continued) ,
MODEL DIMENSIONAL DATA : [

MODEL COMPONENT . _DImy: - 1)

GENERAL DESCRIPTION O'FIGMRATTON PFP LINES VL70-000095.

WODTL SCALT:  0,016%

DRAWING NUMBER ~ 71:70-020095

DIMENSIONS FULL SCALE MODEL SCALE
Area 105,380 SQ.TT. .0"90 730,17,
Span (equivalent) 201,00  IN,  3.3° T,
Inb’d equivalent chord 21,585 I, 1,51 I,
Outb’d equivalent chord 50.833 1IN .2l I,

Ratio movable surface chord/
totael surface chord

At Inb'd equiv. chord . oo 100

! !
At Outb'd equiv. chord . 100 LUeN

Sweep Back Angles, degrees

Leading Edge 303 3% g,
Tmulmg Edge nL ne pf'.?q PTG,
Hingeline ~h, 83 34,83 prg,

nE 1N MR 834
A'eu Momen' (Normnl 10 hlﬂg' “ﬂe) 5‘ OLSO CU.H. h.oaho C'u.'r o

20 |




TAPIR IXT (fontimied)
MODEL DIMENSIONAL DATA

MODEL COMPONENT : i1 ¥ICAL TAIL - V5

GENERAL DESCRIPTION L UTSRTLING VERTICAL TAIL DOUBLE Wt

% ATRIOTT,

“ITH ROUMDID LA*DING S06G7,.

MODEL SCALT:  0.C105

DRAWING NUMBER  T.70-000095

DIMENSIONS

Area
Spon (equivalent)
Inb'd equivaient chord

Outb'd equivalent chord

Rotio movable surfoce chord/
total surface chord

At Inb’d equiv. chord
At Outb’d cquiv. chord

Sweep Bock Angles, degrees
Leading Edge
Troiling Edge
Hingeline

Arec Moment (Normal to hinge line)

ORIGINAL PAGE I§
OF POOR QUALITY

2

FULL SCALE

MODEL SCALE

412,2500 €Q,FT. 16,7011 SR.I°T,

315.72 5.”1 T,

7R8,50 1w, L, 43 T,

108- h-'- IN; lo 79 T_:'Io
2;5.00 I"'G. hs. 00 m‘(“,.
PA,240) TEG, P£.25 nrs.

[ST—
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TS TID (Coneludad)

MODEL COMPONENT: ~'TG - " 77

GENERAL DESCRIPTION: (“7I™ . “O'VIGTPATICN PRR LIS VL70-000002 (DTIFNC'L T

Sy Am T TO U A oF T VTS AT T2 75,33 PERCWHT TTWMENT LT TTO-
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DIMENSIONS:
TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root 2Ning Sta. 0.0)
Tip, (equivalent)
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
Tip
EXPOSED DATA

Area
Span. (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
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APPENDIX

TABULATED SOURCE DATA

Plotted data tabulations are avuailable from M5
on request.
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